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(54)  Self-cycling  pneumatic  fastener  applying  tool. 
A  pneumatic  fastener  applying  tool  (10)  featuring  a  self- 

cycling  control  valve  (15)  with  one  moving  port  (76,  74).  A 
trigger  actuated  valve  (46)  sets  the  cyling  valve  (15)  in  motion. 
The  cycling  valve  (15)  alternatively  pressurizes  and  vents  the 
working  piston  (14)  of  the  fastenertool  (10).  A  valve  stem  (76, 
74)  is  positioned  by  an  integral  reciprocating  piston  (76).  The 
position  of  the  reciprocating  piston  (76)  is  determined  by  the 
balance  of  forces  between  a  biasing  spring  (96)  tending  to 
vent  the  working  piston  (14)  and  a  pressure-force  tending  to 
pressurize  the  working  piston  (14).  Two  flow  paths  (88;  90, 92), 
internal  to  the  valve  stem  (76,  74),  determine  the  pressure 
applied  to  the  reciprocating  piston  (76).  One  path  pressurizes 
the  reciprocating  piston  (76).  Another  path  (90,92)  vents  the 
reciprocating  piston  (76).  Positive  feedback  of  air  pressure 
from  the  working  cylinder  (12)  positions  the  reciprocating 
piston  (76)  and  valve  stem  (76,74)  so  as  to  vent  the  reciprocat- 
ing  piston  (76)  when  the  working  piston  (14)  is  vented  and  to 
pressurize  the  reciprocating  piston  (76)  when  the  working 
piston  (14)  is  pressurized.  Releasing  the trigger  actuated  valve 
(46)  holds  the  cycling  valve  (15)  in  place  and  prevents  further 
operation  of  the  fastener  tool  (10). 



T e c h n i c a l   F i e l d  

A  p n e u m a t i c   f a s t e n e r   a p p l y i n g   t o o l   f o r   t h e  

a p p l i c a t i o n   of  s t a p l e s ,   n a i l s   and  t h e   l i k e .   An  i n d e -  

p e n d e n t ,   s e l f - c y c l i n g   c o n t r o l   v a l v e   p r o v i d e s   a u t o -  

m a t i c   r e p e t i t i v e   a c t u a t i o n   of  t he   f a s t e n e r   a p p l y i n g  

t o o l .  

B a c k g r o u n d   A r t  

W i t h   t h e   i n c r e a s i n g   demand  f o r   h i g h e r   p r o -  

d u c t i v i t y   to   o f f s e t   i n c r e a s i n g   l a b o r   and  m a t e r i a l  

c o s t s ,   p n e u m a t i c   f a s t e n e r   a p p l y i n g   t o o l s   have   f o u n d  

w i d e s p r e a d   a c c e p t a n c e   in  t h e   c o n s t r u c t i o n   and  m a n u -  

f a c t u r i n g   i n d u s t r i e s .   F a s t e n e r   d r i v i n g   t o o l s   u s i n g  

a i r   p r e s s u r e   a r e   f a v o r e d   b e c a u s e   of  t h e i r   r u g g e d  

c o n s t r u c t i o n   and  s a f e t y .   They  a r e   b e i n g   u s e d   t o  

a p p l y   n a i l s ,   s t a p l e s ,   and  o t h e r   s e r i a l l y   f e d  

f a s t e n e r s .   B e c a u s e   more  o f t e n   t h a n   no t   i t   i s   n e c e s -  

s a r y   to  a p p l y   more   t h a n   one  n a i l   or  s t a p l e   to   t h e  

w o r k p i e c e ,   an  a u t o m a t i c   or  s e l f - c y c l i n g   f a s t e n e r  

a p p l y i n g   t o o l   i s   p r e f e r r e d   o v e r   a  s i n g l e   a c t i n g   o r  

m a n u a l l y   a c t u a t e d   s i n g l e   s t r o k e   d e v i c e .  

The  f a s t e n e r   d r i v i n g   t o o l   i l l u s t r a t e d   i n  

U . S .   P a t e n t   No.  3 , 1 0 6 , 1 3 6   by  L a n g a s   and  a s s i g n e d   t o  

t h e   a s s i g n e e   of  t he   p r e s e n t   i n v e n t i o n   d e s c r i b e s   a  

s i n g l e   a c t i n g   d e v i c e .   A t t e m p t s   to  c o n v e r t   s u c h   t o o l s  

to   a u t o m a t i c   o p e r a t i o n   have   met  some  d e g r e e   of  s u c -  

c e s s .  

S i e g m a n n   (U .S .   P a t e n t   3 , 2 7 8 , 1 0 2   a n d  

3 , 4 9 6 , 8 3 5 )   e m p l o y s   a u x i l i a r y   p i s t o n s   a c t u a t e d   by  t h a t  

p o r t i o n   of  t h e   c o m p r e s s e d   a i r   a c t u a t i n g   t h e   w o r k i n g  

p i s t o n   w h i c h   is   " b y p a s s e d "   a r o u n d   t h e   w o r k i n g   p i s t o n  

a t   t h e   end  of  t h e   d r i v i n g   s t r o k e   of  t h e   w o r k i n g   p i s -  

t o n .   As  s u c h ,   a u t o m a t i c   r e c y c l i n g   d e p e n d e d   upon  t h e  

m o v e m e n t   of  t he   w o r k i n g   p i s t o n .   B e c h t   ( U . S .   P a t e n t  



3 , 4 7 7 , 6 2 9 )   a l t h o u g h   n o t   u s i n g   a i r   b y p a s s e d   a r o u n d   t h e  

w o r k i n g   p i s t o n ,   n e v e r t h e l e s s   u s e s   an  a u x i l i a r y   p i s -  

t o n s   ( i . e . ,   one  n o t   j o i n e d   to  t h e   f i r i n g   v a l v e )   t o  

a c t u a t e   a  p i s t o n   w h i c h   in  t u r n   o p e r a t e s   t h e   f i r i n g  

v a l v e .   T h u s ,   c y c l i n g   of  t h e   f i r i n g   v a l v e   was  d e p e n -  

d e n t   upon  t h e   c y c l i n g   of  a  s e p a r a t e   or  s e c o n d   p i s t o n .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

As  w i t h   any  t o o l ,   e a s e   of  o p e r a t i o n   and  c o s t  

of   m a n u f a c t u r e   is   g e n e r a l l y   d e t e r m i n e d   by  t h e   n u m b e r  

of   p a r t s   or  c o m p o n e n t s   u s e d .   In  o t h e r   w o r d s ,   t h e  

g r e a t e r   t h e   n u m b e r   of  c o o p e r a t i n g   c o m p o n e n t s ,   t h e  

h i g h e r   t h e   l i k e l i h o o d   of  f a i l u r e   of   t he   c o m p l e t e d  

m e c h a n i s m   due  to   a  m a l f u n c t i o n   of  any  one  i n d i v i d u a l  

c o m p o n e n t .   S i m i l a r l y ,   r e d u c i n g   t h e   number   of  c o m p o -  

n e n t s   a l o n e   w i l l  n o t   i m p r o v e   r e l i a b i l i t y   and  m a n u f a c -  

t u r i n g   c o s t s   i f   t h e   r e m a i n i n g   c o m p o n e n t s   m u s t   b e  

s u b j e c t   to   p r e c i s i o n   m a c h i n i n g .   P r e c i s i o n   d e v i c e s  

a r e   more  l i k e l y   to  come  o u t   of   a d j u s t m e n t   and  m o r e  

l i k e l y   to   r e q u i r e   c u s t o m   f i t t e d   or  m a t c h e d   r e p a i r  

p a r t s .  

The  n o v e l   c y c l i n g   v a l v e   h e r e i n   d e s c r i b e d  

b e l o w  f e a t u r e s   e s s e n t i a l l y   one  m o v i n g   p a r t   and  o t h e r  

c o m p o n e n t s   n o t   r e q u i r i n g   s p e c i a l i z e d   or  p r e c i s i o n  

m a c h i n i n g .   T h i s   i s   e x p e c t e d   to   r e d u c e   t he   s l i d i n g ,  

s t i c k i n g ,   and  w e a r i n g   p r o b l e m s   o f t e n   e x p e r i e n c e d   w h e n  

u s i n g   s m a l l   p r e c i s i o n   p n e u m a t i c   c o n t r o l   a s s e m b l i e s .  

F u r t h e r m o r e ,   t h e   c y c l i n g   v a l v e   u s e s   p o s i t i v e  f e e d b a c k  

to   c o n t r o l   i t s   o p e r a t i o n .   T h u s ,   i t   is   s e l f  s y n c h r o n -  

i z i n g   and  i n d e p e n d e n t   of  t h e   o p e r a t i o n  o f   o t h e r   c o m -  

p o n e n t s .  

C o n s e q u e n t l y ,   t h e   t o o l   i s   e x p e c t e d   n o t   o n l y  

to   be  r e l i a b l e   b u t   to   p e r f o r m   u n i f o r m l y   a n d  

s m o o t h l y .   T h i s   c o m b i n a t i o n   of  r e l i a b i l i t y ,   r u g g e d -  

n e s s ,   c o s t   e f f e c t i v e n e s s ,   and  d e p e n d a b i l i t y   i s   e x -  

p e c t e d   to  be  u n m a t c h e d   by  w h a t   has   been   h e r e t o f o r e  

o f f e r e d   in  t h e   m a r k e t p l a c e .  



The  t o o l   i n c l u d e s   a  ma in   h o u s i n g   t h a t   p r o -  
v i d e s   s u p p o r t   f o r   t he   ma in   e l e m e n t s   and  p r i n c i p a l  

c o m p o n e n t s   of  t he   s e l f   c y c l i n g   f a s t e n e r   a p p l y i n g  

d e v i c e .   T h e s e   e l e m e n t s   i n c l u d e :   a  m a g a z i n e   o f  

f a s t e n e r s ,   s u c h   as  s t a p l e s   or  n a i l s ;   an  a i r   r e s e r v o i r  

j o i n e d   to   a  s o u r c e   of  p r e s s u r i z e d   a i r ;   a  w o r k i n g  

c y l i n d e r ;   and  a  w o r k i n g   p i s t o n   h a v i n g   a  f a s t e n e r  

d r i v i n g   d e v i c e   a t   one  end  w i t h   t h e   o p p o s i t e   e n d  

o p e n e d   to  a  c o n t r o l l e d   s u p p l y   of  c o m p r e s s e d   a i r .  

A  c y c l i n g   v a l v e   a s s e m b l y   c o n t r o l s   t h e   p r e s -  

s u r i z i n g   and  v e n t i n g   of  t he   c y l i n d e r   c a v i t y   and  h e n c e  

t he   o p e r a t i o n   of  t he   w o r k i n g   p i s t o n .   P r e s s u r i z i n g  

t h e   w o r k i n g   p i s t o n   d r i v e s   t h e   f a s t e n e r   i n t o   t h e   w o r k -  

p i e c e .   V e n t i n g   t h e   w o r k i n g   p i s t o n   a l l o w s   t he   w o r k i n g  

p i s t o n   to   be  r e t u r n e d   to   i t s   o r i g i n a l   p o s i t i o n .   T h e  

c y c l i n g   v a l v e   in  t u r n   i s   i n i t i a l l y   r e t a i n e d   in  t h e  

c l o s e d   p o s i t i o n   by  a  s e c o n d   p i s t o n   and  c y l i n d e r  

a s s e m b l y .   A c t u a t i o n   of  a  t r i g g e r - a c t u a t e d   v a l v e  

p e r m i t s   t h e   s e c o n d   p i s t o n   to   move  o u t   of  i t s   i n i t i a l  

p o s i t i o n   to   a l l o w   t h e   c y c l i n g   v a l v e   to  r e g u l a t e   t h e  

f l o w   of  a i r   b e t w e e n   the   a i r   r e s e r v o i r   and  t he   d r i v i n g  

s u r f a c e   of   t he   w o r k i n g   p i s t o n .   The  c y c l i n g   v a l v e   i s  

n o r m a l l y   b i a s e d   by  a  s p r i n g   to  a  p o s i t i o n   w h e r e   t h e  

c h a m b e r   a b o v e   t h e   w o r k i n g   p i s t o n   i s   v e n t e d   to   a t m o s -  

p h e r e   and  t h e   f l o w   b e t w e e n   t he   a i r   r e s e r v o i r   a n d  

w o r k i n g   p i s t o n   is   c u t   o f f .  

A  p i s t o n   and  c y l i n d e r   o p e r a t o r   i s   a t t a c h e d  

to  and  f o r m s   an  i n t e g r a l   p a r t   of  t he   c y c l i n g   v a l v e  

a s s e m b l y .   T h i s   p i s t o n   o p e r a t o r   i n c l u d e s   a  p e r i p h e r a l  

end  p o r t i o n   t h a t   is  c o n t i n u o u s l y   e x p o s e d   to   t h e   p r e s -  

s u r i z e d   a i r   in  t h e   a i r   r e s e r v o i r   wh ich   a c t s   a g a i n s t  

t h e   f o r c e   of  t h e   b i a s i n g   s p r i n g .   H e n c e ,   upon  a c t u a -  

t i o n   of  t h e   t r i g g e r   v a l v e   h i g h   p r e s s u r e   a i r ,   a c t i n g  

on  t he   p e r i p h e r a l   end  p o r t i o n ,   o p e n s   t he   c y c l i n g  

v a l v e   w h i c h   i n t r o d u c e s   h i g h   p r e s s u r e   a i r   to   p r e s s u r -  

i z e   t h e   w o r k i n g   c y l i n d e r   a b o v e   t he   d r i v i n g   p i s t o n   a n d  



s h u t s   o f f   t h e   v e n t   to   a t m o s p h e r e .   The  p r e s s u r i z a t i o n  

of   t h e   w o r k i n g   c y l i n d e r   a l s o   o p e n s   a  p a t h   p r e s s u r i z -  

ing   t h e   i n t e g r a l   p i s t o n   o p e r a t o r   p o r t i o n   of  t h e   c y c l -  

ing   v a l v e .   The  p r e s s u r e - f o r c e   a p p l i e d   to   t h e   p i s t o n  

o p e r a t o r   and  t h e   b i a s i n g   f o r c e   c o m b i n e   to   s h u t   o f f  

t h e   s u p p l y   of  a i r   to  t h e   w o r k i n g   p i s t o n   and  v e n t   t h e  

w o r k i n g   p i s t o n   to  a t m o s p h e r e .   The  p r e s s u r e   in   t h e  

p i s t o n   o p e r a t o r   is   r e d u c e d   to   a t m o s p h e r i c  p r e s s u r e   b y  

an  i n t e r n a l   f l o w   p a t h   c o n t a i n i n g   an  o r i f i c e .   T h i s  

f l o w   p a t h   c o m m u n i c a t e s   t h e   w o r k i n g   p i s t o n   w i t h   t h e  

p i s t o n   o p e r a t o r   p o r t i o n   of  t he   c y c l i n g   v a l v e .   H e n c e ,  

upon   v e n t i n g   of   t h e   p i s t o n   o p e r a t o r   to   a t m o s p h e r i c  

p r e s s u r e ,   t h e   p e r i p h e r a l   end  p o r t i o n   of  t h e   p i s t o n  

o p e r a t o r   a g a i n   o v e r c o m e s   t h e   b i a s i n g   s p r i n g   to   o p e n  
t h e   s o u r c e  o f   p r e s s u r i z e d   a i r   to   t h e   w o r k i n g   p i s t o n  

and  s h u t   o f f   t h e   v e n t   to   t h e   a t m o s p h e r e .   T h i s ,   i n  

t u r n ,   r e p e a t s   t h e   c y c l e .  

So  l o n g   as  t h e   t r i g g e r - a c t u a t e d   v a l v e   i s  

h e l d ,   t h e   c y c l i n g   v a l v e   w i l l   c o n t r o l   t h e   s e q u e n t i a l  

c y c l i n g   of  t h e   w o r k i n g   p i s t o n   and  t h e   s e q u e n t i a l  

e j e c t i o n   of  f a s t e n e r s   or  s t a p l e s .   Once  t he   t r i g g e r  
i s   r e l e a s e d ,   t h e   c y c l i n g   v a l v e   i s   l o c k e d   in  p o s i t i o n  

and  t h e   s t a p l i n g   t o o l   i s   s h u t   o f f .  

B r i e f   D e s c r i p t i o n   of   t h e   S e v e r a l   V i e w s   o f  t h e   D r a w i n g s  

F IG .   1  is   a  p a r t i a l   s i d e   e l e v a t i o n a l   v i ew  o f  

a  f a s t e n e r   d r i v i n g   t o o l   i l l u s t r a t i n g   t h e   r e l a t i v e  

p o s i t i o n   of   t h e s e   c o m p o n e n t s   w i t h   a i r   a p p l i e d   to  t h e  

t o o l   b e f o r e   b e i n g   t r i g g e r e d   i n t o   o p e r a t i o n .  

F IG.   2  i s   a  p a r t i a l   s i d e   e l e v a t i o n a l   v i ew   o f  

t h e   f a s t e n e r   d r i v i n g   t o o l   of  F i g .   1  i l l u s t r a t i n g   t h e  

p o s i t i o n   of  t h e   p r i n c i p a l   c o m p o n e n t s   d u r i n g   t h e   d r i v -  

i ng   s t r o k e .  

F IG .   3  i s   a  p a r t i a l   s i d e   e l e v a t i o n a l   v i ew  o f  

t h e   f a s t e n e r   d r i v e r   t o o l   shown  in  F i g .   1  i l l u s t r a t i n g  

r e c o v e r y   f r o m   t h e   d r i v i n g   s t r o k e .  



B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

W h i l e   t h i s   i n v e n t i o n   is  s u s c e p t i b l e   of  e m -  

b o d i m e n t   in  many  d i f f e r e n t   f o r m s ,   t h e r e   is   shown  i n  

t he   d r a w i n g   and  w i l l   h e r e i n   be  d e s c r i b e d   in  d e t a i l   a  

p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n   w i t h   t he   u n d e r -  

s t a n d i n g   t h a t   t he   p r e s e n t   d i s c l o s u r e   is  to  be  c o n -  

s i d e r e d   as  an  e x e m p l i f i c a t i o n   of  t he   p r i n c i p l e s   o f  

t h e  i n v e n t i o n   and  i s   no t   i n t e n d e d   t o   l i m i t   t he   i n v e n -  

t i o n   to  t h e   e m b o d i m e n t   i l l u s t r a t e d .   The  s c o p e   of  t h e  

i n v e n t i o n   w i l l   be  p o i n t e d   o u t   in  t h e   a p p e n d e d   c l a i m s .  

F IG.   1  i l l u s t r a t e s   a  f a s t e n e r   d r i v i n g   t o o l  

10  h a v i n g   a  p n e u m a t i c   m o t o r   a s s e m b l y   w h i c h   i n c l u d e s   a  

c y l i n d e r   12  and  a  w o r k i n g   p i s t o n   14  s l i d a b l y   m o u n t e d  

w i t h i n   t he   c y l i n d e r .   A  n o v e l ,   i n t e g r a l ,   c y c l i n g  

v a l v e   a s s e m b l y   15,   as  d e s c r i b e d   h e r e i n ,   i s   u sed   t o  

s e q u e n t i a l l y   and  r e p e t i t i v e l y   c o n t r o l   t h e   r e c i p r o c a t -  

ing  c y c l e   of   t he   w o r k i n g   p i s t o n .   A l t h o u g h   t he   i n v e n -  

t i o n   is  d e s c r i b e d   as  e m b o d i e d   in  a  f a s t e n e r   d r i v i n g  

t o o l ,   i t   is   to  be  u n d e r s t o o d   t h a t   t he   c y c l i n g   v a l v e  

and  p n e u m a t i c   m o t o r   a s s e m b l y   a r e   e q u a l l y   a d a p t a b l e   t o  

many  o t h e r   a p p l i c a t i o n s ;   a l s o ,   t h e   d e s c r i b e d   f a s t e n e r  

t o o l   is   e x e m p l a r y   of  o t h e r   t o o l s   w i t h   w h i c h   t h e   p r e -  
s e n t   i n v e n t i o n   can  be  u s e d .  

The  common  p o i n t   of  a t t a c h m e n t   fo r   t he   v a r i -  

ous  c o m p o n e n t s   of  t he   f a s t e n e r   d r i v e   t o o l   10  is   t h e  

h o u s i n g   16 .   The  h o u s i n g   16  i s   h o l l o w   and  i n c l u d e s   a  

g r a s p a b l e   e l o n g a t e d   s t o r a g e   c h a m b e r   p o r t i o n   18.  T h e  

h o u s i n g   16  a l s o   i n c l u d e s   a  g e n e r a l l y   u p r i g h t   c y l i n d e r  

p o r t i o n   22.  The  s t o r a g e   c h a m b e r   18  is   a d a p t a b l e   t o  

c o n t a i n   p r e s s u r i z e d   a i r   and  i s   c o u p l e d   to  a  s u i t a b l e  

s o u r c e   of  a i r   a t   one  end  (no t   shown)   of  t he   c h a m b e r  

t h r o u g h   a  h o s e   and  s u i t a b l e   c o u p l i n g   m e a n s .  

C a r r i e d   a t   t he   l o w e r   end  14b  of  t he   p i s t o n  

is   an  e l o n g a t e d   f a s t e n e r   d r i v e r   means   26  t h a t  



e x t e n d s   v e r t i c a l l y   t h r o u g h   a  c e n t r a l   s l o t   28  b e t w e e n  

two  g u i d e s   3 0  t h a t   a r e   p a r t   of  t he   l o w e r   end  of   h o u s -  

ing  16 .   T h e s e   g u i d e s   30  a r e   s e c u r e d   to   t he   l o w e r   e n d  

of  t h e   h o u s i n g   16 .   The  m a g a z i n e   a s s e m b l y   32  h o l d s  

s t a p l e s   in  a  r o w  e x t e n d i n g   t r a n s v e r s e l y   to  t h e   p a t h  

of  t h e   d r i v e r   m e a n s   26  and  s u p p l i e s   s t a p l e s   s e r i a l l y  

u n d e r   t h e   d r i v e r   to  be  d r i v e n   when  t h e   w o r k i n g   p i s t o n  

14  w i t h   a t t a c h e d   d r i v e r   means   26  d e s c e n d s   t o w a r d s   t h e  

l o w e r   e d g e   of   t h e   c y l i n d e r   1 2 b .  

The  c y l i n d e r   12  f o r m s   t h e   s t a t i o n a r y   p o r t i o n  

of   t h e   p n e u m a t i c   m o t o r   a s s e m b l y .   The  c y l i n d e r   1 2  

i s   of  a  s m a l l e r   d i a m e t e r   and  l e n g t h   t h a n   t h e  

a s s o c i a t e d   h o u s i n g   p o r t i o n   22  and  i s   c e n t r a l l y   d i s -  

p o s e d   t h e r e i n   so  t h a t   an  a n n u l a r   c h a m b e r   34  i s   d e -  

f i n e d   b e t w e e n   t h e   o u t e r   w a l l   of  t h e   c y l i n d e r   12  a n d  

t h e   i n n e r   w a l l   of  t h e   h o u s i n g   p o r t i o n   22  of  t h e   h o u s -  

ing   16 .   The  l o w e r   end  of  t he   c y l i n d e r   12b  i s   c l o s e d  

by  t h e   h o u s i n g   16b  w i t h   t h e   e x c e p t i o n   of  an  e q u a l i z a -  
t i o n   p o r t   36.   The  a n n u l a r   c h a m b e r   34  i s   f i l l e d   w i t h  

p r e s s u r i z e d   a i r   by  b e i n g   in  d i r e c t   c o m m u n i c a t i o n   w i t h  

t he   s t o r a g e   c h a m b e r   1 8 .  

The  h o u s i n g   16  a l s o   c o n t a i n s   a  v a l v e   c o v e r  

p o r t i o n   1 6 t .   The  v a l v e   c o v e r   c l o s e s   t h e   u p p e r   end  o f  

t h e   c y l i n d e r   12  and  p r o v i d e s   a  c h a m b e r   44  t h a t  

d e f i n e s   a  p a t h   f o r   p r e s s u r i z e d   a i r   to  e n t e r   and  l e a v e  

t h e   a r e a   a d j a c e n t   t h e   u p p e r   end  1 4 t   of  t he   w o r k i n g  

p i s t o n .   A  g a s k e t   38  p r o v i d e s   a  s e a l   b e t w e e n   t h e  

v a l v e   c o v e r   p o r t i o n   l 6 t   of   t h e   h o u s i n g   and  t h e   c y l i n -  

de r   p o r t i o n   22  of  t h e   h o u s i n g .  

The  s e c o n d   p r i n c i p a l   p a r t   of  t he   p n e u -   m a t i c  

m o t o r   a s s e m b l y   i s   t h e   w o r k i n g   p i s t o n   14,   t h a t   i s  

s l i d a b l y   m o u n t e d   w i t h i n   t h e   c y l i n d e r   12 .   The  w o r k i n g  

p i s t o n   14  h a s   u p p e r   and  l o w e r   e n d s   1 4 t ,   1 4 b  

r e s p e c t i v e l y   and   is   m o v a b l e   b e t w e e n   t h e   c y l i n d e r   e n d s  

1 2 t   and  l 2 b   f r o m   t h e   d r i v i n g   p o s i t i o n   to   t h e   d r i v e n  



p o s i t i o n   r e s p e c t i v e l y .   The  w o r k i n g   p i s t o n   may  b e  

n o r m a l l y   b i a s e d   to  i t s   u p p e r   end  12 t   of  t he   c y l i n d e r  

by  any  s u i t a b l e   means   s u c h   as  a  s p r i n g   or  m a g n e t .  

P r e f e r a b l y ,   h o w e v e r ,   t he   w o r k i n g   p i s t o n   14  and  c y l i n -  

der   12  a r e   c o n s t r u c t e d   so  as  to   d e f i n e   an  a n n u l a r  

c h a m b e r   40  b e t w e e n   t h e   u p p e r   end  14 t   and  t h e   l o w e r  

end  14b  of  t h e   w o r k i n g   p i s t o n .   T h i s   a n n u l a r   v o l u m e  

is   c o n t i n u o u s l y   s u p p l i e d   w i t h   p r e s s u r i z e d   a i r   f r o m  

the   s t o r a g e   c h a m b e r   18  v i a   p o r t s   42  in  t h e   c y l i n d e r  

w a l l s .   The  e x p o s e d   a r e a   of  t he   b o t t o m   s u r f a c e   141  o f  

t he   u p p e r   end  14 t   of  t h e   w o r k i n g   p i s t o n   i s   g r e a t e r  

t h a n   t h e   a r e a   of  t he   l o w e r   end  14b  of  t h e   w o r k i n g  

p i s t o n   in  c h a m b e r   40  r e s u l t i n g   in  a  n e t   u n b a l a n c e d  

u p w a r d   f o r c e   t h e r e o n   when  b o t h   a r e a s   a r e   e x p o s e d   t o  

a i r   of  t h e   same  p r e s s u r e .  F o r   more  p a r t i c u l a r   d e -  

t a i l s   of   s u c h   a  " p i s t o n   b i a s   m e a n s , "   r e f e r e n c e   s h o u l d  

be  made  to   t h e   L a n g a s   p a t e n t   p r e v i o u s l y   r e f e r e n c e d .  

D u r i n g   the   f a s t e n e r   d r i v i n g   o p e r a t i o n   t h e  

w o r k i n g   p i s t o n   14  is   moved  d o w n w a r d l y   i n t o   c y l i n d e r  

12  in  o p p o s i t i o n   to  t he   b i a s i n g   f o r c e   p r o v i d e d   b y  

p r e s s u r i z e d   a i r   in  c h a m b e r   40.   The  u p p e r   end  of  t h e  

v a l v e   c o v e r   16 t   d e f i n e s   a  c y l i n d e r   c h a m b e r   44  d u c t i n g  

c o m p r e s s e d   a i r   to  and  f rom  t he   u p p e r   end  14 t   of  t h e  

w o r k i n g   p i s t o n .   A f t e r   c o m p l e t i o n   of  t he   d o w n w a r d   o r  

w o r k i n g   s t r o k e ,   t h e   c h a m b e r   44  i s   e x h a u s t e d   w h i c h  

a l l o w s   t h e   a i r   p r e s s u r e   in  c h a m b e r   40  to   r e t u r n   t h e  

p i s t o n   to  t h e   u p p e r   end  12 t   of  t h e   c y l i n d e r .   T h i s   i s  

r e f e r r e d   to   as  t h e   r e t u r n   s t r o k e   of  t he   w o r k i n g   p i s -  

t o n .  

In  o r d e r   to  p e r i o d i c a l l y   a d m i t   p r e s s u r -  
i z e d   a i r   to  d r i v e   t he   w o r k i n g   p i s t o n   14  d o w n w a r d l y ,   a  

n o v e l   s e l f - c y c l i n g   v a l v e   a s s e m b l y   15  is   p r o v i d e d .  

U n l i k e   p r i o r   v a l v e   e x p e d i e n t s   t h i s   v a l v e   a s s e m b l y   i s  

c h a r a c t e r i z e d   by  t he   use  of  r e l a t i v e l y   l a r g e ,   e a s i l y  

m a c h i n a b l e   c o m p o n e n t s   no t   r e q u i r i n g   c l o s e   t o l e r a n c e  



c o n t r o l   f o r   f i t - u p   or  c o m p o n e n t s   s u s c e p t i b l e   t o  

c o m i n g   o u t   of  a d j u s t m e n t   due  to   f a t i g u e   r e s u l t i n g  

f rom  c o n t i n u a l   r e c y c l i n g .   E s p e c i a l l y   u n i q u e   i s   t h e  

u t i l i z a t i o n   of  an  i n d e p e n d e n t   o n e - p i e c e   member   t o  

s e r v e   as  t h e   m a i n   p o r t i o n   of  t h e   v a l v e   and  t he   v a l v e  

o p e r a t o r .   As  s u c h ,   t h e   d e v i c e   i s   e x p e c t e d   to  g i v e  

l ong   t e r m   t r o u b l e - f r e e   o p e r a t i o n .   The  c y c l i n g   v a l v e  

a s s e m b l y   i s   l o c a t e d   w i t h i n   t he   h o u s i n g   16  in  t h e  

i m m e d i a t e   v i c i n i t y   of  t h e   u p p e r   end  1 2 t   of  t h e   w o r k -  

ing  p i s t o n   c y l i n d e r .  

The  c y c l i n g   v a l v e   a s s e m b l y   i s   p l a c e d   i n  

o p e r a t i o n   by  m e a n s   of  a  t r i g g e r - a c t u a t e d   c o n t r o l  

v a l v e   46.  The  c o n t r o l   v a l v e   i s   m o u n t e d   w i t h i n   t h e  

h o u s i n g   16  a d j a c e n t   t h e   l o w e r   end  of  t h e   c y l i n d e r  

p o r t i o n   22  and  b e t w e e n   t h e   a i r   s t o r a g e   c h a m b e r   18  a n d  

t he   c y c l i n g   v a l v e   a s s e m b l y   15.   The  c o n t r o l   v a l v e  

i n c l u d e s   a  c e n t r a l   f l o w   c h a m b e r   48  i n t o   w h i c h   a  s h a f t  

v a l v e   e l e m e n t   50  i s   i n s e r t e d .   The  c e n t r a l   f l o w   c h a m -  

ber   48  h o u s e s   a  b a l l   v a l v e   e l e m e n t   52.  M e e t i n g   a t  
t he   c e n t r a l   f l o w   c h a m b e r   i s   an  i n l e t   p o r t   54  and  a n  
e x h a u s t   p o r t   56  e x t e n d i n g   g e n e r a l l y   v e r t i c a l l y   a n d  

r e s p e c t i v e l y   a b o v e   and  b e l o w   t h e   f l o w   c h a m b e r .   I n l e t  

p o r t   54  c o m m u n i c a t e s   w i t h   t he   s t o r a g e   c h a m b e r   18  a n d  

e x h a u s t   p o r t   56  c o m m u n i c a t e s   w i t h   t h e   o u t s i d e   a t m o s -  

p h e r e .   A  f i n g e r   a c t u a t e d   t r i g g e r   a s s e m b l y   58  o p e r -  
a t e s   t h e   v a l v e   p l u n g e r   or  s h a f t   50  w h i c h   moves   t h e  

b a l l   52  v e r t i c a l l y   f r o m   a  f i r s t   p o s i t i o n   ( w h e r e   t h e  

b a l l   s e a l s   t h e   e x h a u s t   p o r t   56  and  o p e n s   t h e   i n l e t  

p o r t   54)  t o   a  s e c o n d   p o s i t i o n   ( w h e r e   t h e   b a l l   s e a l s  

t h e   i n l e t   p o r t   54  and  o p e n s   t h e   e x h a u s t   p o r t   5 6 - - s e e  

F i g .   2 ) .  

N o r m a l l y ,   ( s e e   F i g .   1)  t h e   b a l l   52  i s   a t  

r e s t   in  t h e   l o w e r   p a r t   o f . I t h e   f l o w   c h a m b e r   48  in  i t s  

f i r s t   p o s i t i o n .   P r e s s u r e  s u p p l i e d   f rom  t h e   a i r   s t o r -  

age  c h a m b e r   18  f o r c e s   t h e   b a l l   a g a i n s t   t h e   l o w e r   s e a t  



of  t he   f l ow  c h a m b e r   48  t h e r e b y   s e a l i n g   the   e x h a u s t  

p o r t   56.  In  t h i s   s e n s e   t he   u p p e r   p o r t i o n   of  t he   b a l l  

a c t s   as  a  p r e s s u r i z e d   s u r f a c e   f o r c i n g   t he   l o w e r   p o r -  
t i o n   of  the   b a l l   in  c o n t a c t   w i t h   t he   e x h a u s t   p o r t   56  

v a l v e   s e a t .   T h u s ,   t h e   v a l v e   may  be  c l a s s i f i e d   as  a  

two  p o s i t i o n ,   t h r e e   way  v a l v e   t h a t   is  p i l o t e d   t o w a r d s  

the   f i r s t   p o s i t i o n   a n d . m a n u a l l y   a c t u a t e d   to   t h e  

s e c o n d   p o s i t i o n .   I t   f u n c t i o n s   as  a  p r e s s u r i z i n g   a n d  

v e n t i n g   v a l v e   m e a n s .  

I m m e d i a t e l y   a d j a c e n t   to  the   c o n t r o l   v a l v e  

46  i s   a  c y l i n d r i c a l   c a v i t y   60  i n t o   wh ich   a  p i s t o n  

means   62  is   f i t t e d .   The  c h a m b e r   64,  d e f i n e d   by  t h e  

l o w e r   end  of  t h e   p i s t o n   62  and  t h e   c y l i n d e r   60,  i s   i n  

f l o w   c o m m u n i c a t i o n   w i t h   a i r   s t o r a g e   c h a m b e r   18  v i a  

i n l e t   p o r t   54,  t h u s   p r o v i d i n g   t he   c h a m b e r   64  w i t h   a  

s o u r c e   of  p r e s s u r i z e d   a i r .   The  p r e s s u r i z a t i o n   of  t h e  

c h a m b e r   64  f o r c e s   t h e   p i s t o n   62  u p w a r d l y .   For  c o n -  

v e n i e n c e ,   and  f o r   r e a s o n s   t h a t   w i l l   become  a p p a r e n t  

s h o r t l y ,   p i s t o n   62  w i l l   be  r e f e r r e d   to  as  t h e   " l o w e r  

p i s t o n "   and  c h a m b e r   64  w i l l   be  r e f e r r e d   to  as  t h e  

" l o w e r   c h a m b e r " .   The  l o w e r   c h a m b e r   is  shown  s e a l e d  

by  0 - r i n g   66.  The  l o w e r   p i s t o n   is  b i a s e d   to  a n  

upward   p o s i t i o n   by  a  b i a s i n g   means   68,  s u c h   as  a  c o i l  

s p r i n g ,   k e e p i n g   t he   l o w e r   p i s t o n   s e p a r a t e d   f rom  t h e  

b o t t o m   of  the   c y l i n d e r   60.   The  u p p e r   p o r t i o n   of  t h e  

l o w e r   p i s t o n   f e a t u r e s   a  s k i r t   p o r t i o n   70  d e f i n i n g   a n  

open   e n d e d   c y l i n d e r   72  - -   h e r e a f t e r   r e f e r r e d   to   a s  

the   " u p p e r   c y l i n d e r "   ( s e e   F i g .   3 ) .  

C o o p e r a t i n g   w i t h   t he   u p p e r   c y l i n d e r   72  i s  

t he   c y c l i n g   v a l v e   a s s e m b l y   15.   The  c y c l i n g   v a l v e  

a s s e m b l y   i n c l u d e s   two  p r i n c i p a l   f u n c t i o n a l   e l e m e n t s :  

a  c o n t r o l   v a l v e   s t e m   74  and  a  u p p e r   p i s t o n   76.  T h e  

l o w e r   p o r t i o n   76b  of  t he   u p p e r   p i s t o n   76  ( s e e   F i g .   3)  

c o o p e r a t e s   w i t h ,   and  i s   s l i d a b l y   d i s p o s e d   w i t h i n   t h e  

s k i r t   70  of  u p p e r   p o r t i o n   of  t he   l o w e r   p i s t o n   6 2 .  



The  l o w e r   p o r t i o n   76b  of  t h e   u p p e r  p i s t o n   76  f e a t u r e s  

a  w i d e r   d i a m e t e r   t h a n   t h e   m a i n   body  of  t h e   u p p e r  

p i s t o n .   A  g a s k e t   means   78  s e a l s   t h e   s p a c e   b e t w e e n  

t h e   o u t e r   p o r t i o n   of  t h e   u p p e r   p i s t o n   and  t h e   i n n e r  

p o r t i o n   of   t h e   u p p e r   c y l i n d e r .   The  u p p e r   p i s t o n  

c o o p e r a t i n g   w i t h   t h e   u p p e r   c y l i n d e r   d e f i n e s   t h e   u p p e r  
c h a m b e r   73 .   The  u p p e r   p o r t i o n   of  t he   u p p e r   p i s t o n  

7 6 t   c o o p e r a t e s   w i t h   t h e  g a s k e t   38  s e a l i n g   t h e   c y l i n -  

der   c h a m b e r   44  f r o m   t h e   a i r   s t o r a g e   c h a m b e r   18 .   T h e  

u p p e r   p o r t i o n   of   t h e   u p p e r   p i s t o n   76 t   t o g e t h e r   w i t h  

t h e   g a s k e t   f o r m   a  v a l v e   p l u g   and  s e a t   to   c o n t r o l   t h e  

a d m i s s i o n   of   p r e s s u r i z e d   a i r   i n t o   t he   c y l i n d e r   c h a m -  

ber   44.   T h u s ,   t h e   p r e s s u r i z a t i o n   of   t he   l o w e r   c h a m -  

ber   64  f o r c e s   t h e   u p p e r   p o r t i o n   76 t   of  t h e   u p p e r  

p i s t o n   76  i n t o   c o n t a c t   w i t h   t he   s e a l i n g   s u r f a c e s   o f  

t h e   g a s k e t   38 .   T h i s   s e a l s   t he   a i r   s t o r a g e   c h a m b e r   1 8  

f r o m   t h e   w o r k i n g   p i s t o n   14  as  a  s o u r c e   of  p r e s s u r i z e d  

a i r .   E f f e c t i v e l y ,   t h e   l o w e r   p i s t o n   62  a c t s   as  a  

means   to   h o l d   t h e   c y c l i n g   v a l v e   a s s e m b l y   15  in  s e a l -  

ing  p o s i t i o n   a g a i n s t   g a s k e t   38  t h e r e b y   p r e v e n t i n g   i t s  

r e c y c l i n g   f u n c t i o n   by  r e c i p r o c a l   m o v e m e n t   t h e r e o f .  

The  c o n t r o l   v a l v e   46  a c t i v a t e s   or  " s t a r t s "   t h e   c y c l -  

ing   v a l v e   a s s e m b l y   when  t h e   t r i g g e r   58  i s   d e p r e s s e d ,  

and  " s h u t s - o f f "   t h e   c y c l i n g   f u n c t i o n  w h e n   t h e   t r i g g e r  
i s   r e l e a s e d .  

R e f e r r i n g   to   F i g .   2,  t h e   s u r f a c e   a r e a   8 2  

of  t h e   a n n u l a r   l o w e r   p o r t i o n / 7 6 b   of  t h e   u p p e r   p i s t o n  

76  i s   l e s s   t h a n   t h e   s u r f a c e   a r e a   8 4  o f   t h e   l o w e r  

p o r t i o n   of  t h e   l o w e r   p i s t o n   62.  T h i s   u n b a l a n c e d  

s u r f a c e   a r e a   82  r e s u l t s  i n   a  n e t   d o w n w a r d   f o r c e   c o n -  

t r i b u t i o n   f r o m   t h e   p r e s s u r e - f o r c e   on  t h i s   a r e a .   T h i s  

d o w n w a r d   f o r c e   w i l l   be  e x c e e d e d   by  an  u p w a r d   f o r c e  

c r e a t e d   by  p r e s s u r i z a t i o n   of  t h e   l o w e r   c h a m b e r   6 4 .  

T h u s ,   when  t h e   t r i g g e r   a s s e m b l y   58  is   r a i s e d   to   m o v e  

t h e   s h a f t   50  to   p u s h   t h e   b a l l   52  u p w a r d l y ,   t h e   i n l e t  



p o r t   54  is   s h u t   o f f   and  t he   e x h a u s t   p o r t   56  is  o p e n e d  

to  v e n t   t he   l o w e r   c h a m b e r   64  to   a t m o s p h e r e .   As  t h e  

p r e s s u r e   in  t he   l o w e r   c h a m b e r   d e c r e a s e s ,   t he   r e s u l t -  

ing  d o w n w a r d   f o r c e ,   p r o v i d e d   by  t he   p r e s s u r e   e x e r t e d  

on  t he   s u r f a c e   82  of  t h e   l o w e r   p o r t i o n   of  the   u p p e r  

p i s t o n   76,   o v e r c o m e s   t he   f o r c e   p r o v i d e d   by  the   b i a s -  

ing  means   68  r e s u l t i n g   in  t h e   l o w e r   p i s t o n   62  a s s u m -  

ing   t he   p o s i t i o n   shown  in  F i g .   2.  S i m u l t a n e o u s l y ,  

u p p e r   p i s t o n   76  w i t h d r a w s   f rom  t h e   g a s k e t   38  t h e r e b y  

e x p o s i n g   t h e   c y l i n d e r   c h a m b e r   44  to   t he   a i r   in  t h e  

s t o r a g e   c h a m b e r   1 8 .  

S i n c e   t h e   d e p r e s s u r i z a t i o n   of  the   l o w e r  

c h a m b e r   64  i s   p r e f e r a b l y   a c c o m p l i s h e d   in  r a p i d  

f a s h i o n ,   a  bumper   means   86  is   p r o v i d e d   to  s o f t e n   t h e  

i m p a c t   of  t he   l o w e r   p i s t o n   comming  i n t o   c o n t a c t  w i t h  

t he   l o w e r   f a c e   of  t h e   l o w e r   c y l i n d e r   60.  T h i s   b u m p e r  

a l s o   d e c r e a s e s   t h e   n o i s e   l e v e l   of  t h e   d e v i c e   when  i t  

i s   in  o p e r a t i o n .  

R e f e r r i n g   to  F i g .   2,  t h e  u p p e r   p o r t i o n   o f  

t he   u p p e r   p i s t o n   76  i n c l u d e s   s e v e r a l   e l e m e n t s   t h a t  

p r o v i d e   t h e   c y c l i n g   v a l v e   w i t h   i t s   u n i q u e   s e l f   c y c l -  

ing  c a p a b i l i t y .   A  s e r i e s   of  a n n u l a r l y   s p a c e d   p a s -  

s a g e w a y s   88  in  t h e  u p p e r   p o r t i o n   76 t   p r o v i d e   a  f i r s t  

f l o w   p a t h   means   w h i c h   i n t e r c o n n e c t s   t he   u p p e r   c h a m b e r  

73  and  t h e   c y l i n d e r   c h a m b e r   44.  A  s e c o n d   f l ow  p a t h  

means   or  p a s s a g e w a y   90  i s   p r o v i d e d   a t   t he   c e n t e r   o f  

t h e   u p p e r   end  of  t h e   u p p e r   p i s t o n   in  t he   s t em  p o r t i o n  

74.  The  c e n t r a l   p a s s a g e w a y   90  i s   j o i n e d   by  an  o p e n -  

ing  92  in  t h e   s t e m   w h i c h   e s t a b l i s h e s   f l o w   c o m m u n i c a -  

t i o n   w i t h   t h e   c y l i n d e r   c h a m b e r   4 4 .  

The  s t e m   p o r t i o n   74  i s   an  i n t e g r a l   p a r t  

of  t he   c y c l i n g   v a l v e   means   15.  T h i s  s t e m   p o r t i o n  

c o n t a i n s   a  v a l v e   p l u g   means   98.  T h i s   v a l v e   p l u g  

means   98  s e a t s   a g a i n s t   a  s e a t i n g   s u r f a c e   100  in  t h e  

v a l v e   c o v e r   1 6 t .   As  i l l u s t r a t e d ,   an  O - R i n g   is  u s e d  



f o r   a  r e p l a c e a b l e   v a l v e   s e a t   100 .   T h u s ,   p l u g   m e a n s  

98  a f f e c t s   f l o w   c o m m u n i c a t i o n   b e t w e e n   t h e   w o r k i n g  

p i s t o n   14  and  t h e   a t m o s p h e r e   v i a   t h e   c y l i n d e r   c h a m b e r  

44.  I t   a l s o   f u n c t i o n s   as  a  v a l v e   m e a n s   in  d i r e c t i n g  

and  c o n t r o l l i n g   the   f l o w   of  e x h a u s t   a i r   f r om  t h e  

c y l i n d e r   c h a m b e r   44  to   t h e   a t m o s p h e r e .   I t   t h u s  

" v e n t s "   t h e   c y l i n d e r   c h a m b e r   44  to   t h e   a t m o s p h e r e .  

When  t h e   u p p e r   p i s t o n   76  i s   d r i v e n   u p w a r d l y ,   t h e  

v a l v e   s t e m   74  o p e n s   a  p a t h   b e t w e e n   t h e   s e a t i n g   s u r -  

f a c e   100  a n d  t h e   p l u g   98.  T h i s   r e s u l t s   in   t he   d i s -  

c h a r g e   of  c o m p r e s s e d   a i r   c o n t a i n e d   in  t h e   c y l i n d e r  

c h a m b e r   44  and  t he   u p p e r   p o r t i o n   1 2 t   of  t h e   w o r k i n g  

c y l i n d e r .   To  p r o t e c t  w o r k e r s   f rom  t h e   f o r c e   of  a  

p u l s e   of   e x h a u s t i n g   a i r ,   a  b a f f l e   p l a t e   102  is   i n -  

c l u d e d .   To  p r o t e c t   b a f f l e   p l a t e   f r o m   m e c h a n i c a l  

d a m a g e   and  to   o t h e r w i s e   d e f l e c t   t h e   j e t   of  e x h a u s t  

g a s s e s ,   a  d e f l e c t o r   104  i s   p r o v i d e d   as  an  i n t e g r a l  

p o r t i o n   of  t h e   v a l v e   c o v e r   1 6 t .  

R e f e r r i n g   to  F i g .   1,  l o c a t e d   a t   t he   u p p e r  

p o r t i o n   7 6 t   of  t h e   u p p e r   c h a m b e r   73  i s   a  f l e x i b l e  

a n n u l a r   g a s k e t   means   94.  T h i s   g a s k e t   i s   p o s i t i o n e d  

a g a i n s t   t h e   u p p e r   p o r t i o n   7 6 t   of  t h e   u p p e r   c h a m b e r   b y  

a  b i a s i n g   m e a n s   96  s u c h   as  a  c o i l e d   s p r i n g .   T h i s  

b i a s   s p r i n g   96  a l s o   f u n c t i o n s   to   k e e p   t h e   u p p e r   p i s -  

t o n   76  n o r m a l l y   s e a t e d   a g a i n s t   t h e   s e a l i n g   g a s k e t   38  

to   c u t   o f f   t h e   f l o w   of  h i g h   p r e s s u r e   a i r   to   t he   d r i v -  

ing   p i s t o n .   The  s p r i n g   96.  a p p l i e s   a  c o n t a c t   f o r c e  

g e n e r a l l y   a l o n g   the   o u t e r   p e r i m e t e r   of   g a s k e t   9 4 .  

The  p a s s a g e w a y s   88  j o i n i n g   t h e   u p p e r   c h a m b e r   73  w i t h  

t h e   c y l i n d e r   c h a m b e r   44  i n t e r s e c t   t h e   g a s k e t   94  

i n s i d e   of  t h e   c o i l s   of  t h e   b i a s i n g   s p r i n g   96.   T h e s e  

f l o w   p a t h s   88  a r e   d i r e c t e d   s u c h   t h a t   t h e   g a s k e t   m e a n s  

94  i s   f r e e   to   f l e x   d o w n w a r d l y   upon   t h e   a p p l i c a t i o n   o f  

a  n e t   p r e s s u r e - f o r c e   d i r e c t e d   f r o m   t h e   c y l i n d e r   c h a m -  

b e r   44  t o w a r d s   t he   u p p e r   c h a m b e r   73 .   The  g a s k e t  



m e a n s   94  i s   f r e e   to  f l e x   in  a  g e n e r a l l y   d o w n w a r d  

d i r e c t i o n .   T h u s ,   i f   a  p r e s s u r e   d i f f e r e n c e   a p p e a r s  

a c r o s s   t he   g a s k e t   means   94  such   t h a t   t h e r e   i s   g r e a t e r  

p r e s s u r e   in  t he   c y l i n d e r   c h a m b e r   44  t h a n   in  t h e   u p p e r  
c h a m b e r   73,   t h e   g a s k e t   means   w i l l   be  f l e x e d   to   o p e n  
t h e   f l o w   p a s s a g e w a y s   88.   S i m i l a r l y ,   when  t h e   d i f f e r -  

e n t i a l   p r e s s u r e   b e t w e e n   t h e   u p p e r   c h a m b e r   73  a n d  

c y l i n d e r   c h a m b e r   i s   e q u a l i z e d ,   t h e   g a s k e t   94  i s   f r e e  

to   r e t u r n   to   t h e   u n f l e x e d   c o n d i t i o n .   When  i t   d r a w s  

t o w a r d   t he   u p p e r   end  7 6 t   of  t he   u p p e r   c h a m b e r ,   t h e  

u p p e r   c h a m b e r   73  i s   s e a l e d   f rom  t h e   c y l i n d e r   c h a m b e r  

44  v i a   f l o w   p a s s a g e w a y s   88.  In  t h i s   s e n s e   i t   p r o -  
v i d e s   a  one  d i r e c t i o n a l   f l o w   c o n t r o l   m e a n s .   I n  

e f f e c t ,   i t   p e r f o r m s   as  a  c h e c k   v a l v e   or  n o n - r e t u r n  

v a l v e   m e a n s .  

S i n c e   t h e   g a s k e t   means   94  i s   w a s h e r - l i k e  

in  s h a p e ,   i t   d o e s   n o t   i n t e r a c t   w i t h   t h e   c e n t r a l   f l o w  

p a s s a g e w a y   90  and  o r i f i c e   92.  T h u s ,   t h e   u p p e r   c h a m -  

be r   73  is   in  c o n s t a n t   c o m m u n i c a t i o n   w i t h   t h e   c y l i n d e r  
c h a m b e r   44.  P a s s a g e w a y   92  is  s i z e d   in  s u c h   a  m a n n e r  

t h a t   t he   v o l u m e   r a t e   of  f l o w   p a s s i n g   t h r o u g h   t h e  

c e n t r a l   s t e m   p a s s a g e w a y   90  is  much  l e s s   t h a n   t h e  

v o l u m e   r a t e   of  f l o w   p a s s i n g   t h r o u g h   p a s s a g e w a y   8 8 .  

T h u s ,   p a s s a g e w a y   90  and  o r i f i c e   92  f u n c t i o n   r e s t r i c t s  

t h e   f l o w   p a s s i n g   t h r o u g h   t h e   h o l l o w   s t e m   74.   T h i s  

v o l u m e   r a t e   of  f l o w   d i f f e r e n c e   e f f e c t i v e l y   " t i m e s "  

and  c o n t r o l s   t h e   c y c l i n g   of  t he   r e c y c l i n g   v a l v e   a s -  

s e m b l y   15.   I t   i n s u r e s   t h a t   t he   w o r k i n g   p i s t o n   1 4  

c o m p l e t e s   i t s   power   or  downward   s t r o k e   and  r e t u r n s   t o  

t h e   s t a r t i n g   p o s i t i o n   b e f o r e   p r e s s u r i z e d   a i r   i s   r e a d -  

m i t t e d   to  t he   w o r k i n g   c y l i n d e r   12.  S i g n i f i c a n t l y ,  

t h e   s t r o k i n g   of  t h e   w o r k i n g   p i s t o n   14  or  an  a u x i l a r y  

p i s t o n   is   no t   n e e d e d   f o r   r e c y c l i n g   to  o c c u r .  

The  i n t e g r a t e d   and  c o o r d i n a t e d   o p e r a t i o n  

of  t h e   v a r i o u s   c o m p o n e n t s   w i l l   now  be  d e s c r i b e d .  



P r e s s i n g   t he   t r i g g e r   58  s e t s   t h e   s t a p l e r   in  o p e r a -  

t i o n .   Ai r   is  c u t   o f f   f rom  t h e   l o w e r   c h a m b e r   64,   a n d  

the   l o w e r   p i s t o n   62  moves   down  i n t o   t he   p o s i t i o n  

shown  in  F i g .   2.  S i n c e   t h e   u p p e r   c h a m b e r   73  w a s  

v e n t e d   to  a t m o s p h e r e ,   t h e   u p p e r   p i s t o n   76  l i k e w i s e  

moves   d o w n w a r d l y .   Ai r   f rom  t h e   s t o r a g e   c h a m b e r   18  i s  

t h e n   f r e e   to   f l o w   i n t o   c h a m b e r   44.   T h i s   a c t i v a t e s  

t h e   w o r k i n g   p i s t o n   14  and  d r i v e s   a  s t a p l e   f r o m  t h e  

m a g a z i n e   32.   At  t h e   same  t i m e ,   p r e s s u r i z e d   a i r   a l s o  

e n t e r s   t he   two  s t e m   l o c a t e d   p a s s a g e w a y s   88  and  9 0  

j o i n i n g   t h e   u p p e r   p i s t o n   76.   B e c a u s e   t h e   u p p e r   c h a m -  

ber   73  was  i n i t i a l l y   a t   a t m o s p h e r i c   p r e s s u r e ,   t h e  

g a s k e t   means   94  f l e x e s   d o w n w a r d l y .   T h i s   r a p i d l y  

p r e s s u r i z e s   t h e   u p p e r   c h a m b e r   73 .   A l t h o u g h   a i r  

e n t e r s   t he   u p p e r   c h a m b e r   73  t h r o u g h   t h e   s e c o n d   p a s -  

s a g e w a y   90,   t h e   t o t a l   v o l u m e   r a t e   of   f l o w   e n t e r i n g  

t h e   u p p e r   c h a m b e r   i s   e s s e n t i a l l y   due  to  t h a t   of  t h e  

f i r s t   p a s s a g e w a y   88.  The  v o l u m e   of  t he   u p p e r   c h a m b e r  

73  and  t he   r a t e   of  p r e s s u r i z a t i o n   a r e   s i z e d   by  d e s i g n  
to  a l l o w   t h e  w o r k i n g   p i s t o n   14  to   p e r f o r m   i t s   w o r k i n g  

s t r o k e   b e f o r e   t he   u p p e r   c h a m b e r   73  b e c o m e s   f u l l y  

p r e s s u r i z e d .   T h u s ,   o p e r a t i o n   of  t h e   c y c l i n g   v a l v e   i s  

i n d e p e n d e n t   of   t h e   s t r o k i n g   of   t h e   w o r k i n g   p i s t o n   o r  

any  a u x i l a r y   p i s t o n .  

R e f e r r i n g   to   F i g .   3,  o n c e   t he   u p p e r   c h a m -  

be r   73  i s   f u l l y   p r e s s u r i z e d ,   t h e   b i a s i n g   means   96  a n d  

t he   r e s u l t a n t   u p w a r d   f o r c e   due  to   t h e   p r e s s u r i z e d   a i r  

e x e r t i n g   an  u n b a l a n c e d   u p w a r d   f o r c e   on  t h e   u p p e r  

p o r t i o n   of   c h a m b e r   73  r e s u l t s   in  t h e   u p p e r   p i s t o n   7 6  

b e i n g   f o r c e d   u p w a r d l y   and  away  f rom  t he   l o w e r   p i s t o n  

62.  T h i s   c a u s e s   t h e   u p p e r   p o r t i o n   76 t   of  t h e   u p p e r  

p i s t o n   76  to   come  in  c o n t a c t   w i t h   t he   v a l v e   g a s k e t  

38.  T h i s   c u t s   o f f   t h e   s o u r c e   of  p r e s s u r i z e d   a i r   t o  

t h e   w o r k i n g   p i s t o n   14  and  a t   t h e   same  t i m e   r e p o s i -  

t i o n s   t he   h o l l o w   s t e m   p o r t i o n   74  and  i t s   i n t e g r a l l y  

c o n n e c t e d   v a l v e   p l u g   means   9 8 .  



Once  t he   v a l v e   p l u g   98  o p e n s ,   e x h a u s t  

g a s s e s   f rom  t he   u p p e r   end  of  t he   w o r k i n g   p i s t o n  

c y l i n d e r   14  a r e   d i s c h a r g e d   to  t h e   a t m o s p h e r e .   I n  

a d d i t i o n ,   t h e   p r e s s u r i z e d   a i r   s t o r e d   in  t he   u p p e r  

c h a m b e r   73  v e n t s ,   v i a   t he   s e c o n d   f l o w   p a t h   90  a n d  

o r i f i c e   92 ,   to   t h e   a t m o s p h e r e .   R e c a l l i n g   t h a t   t h e  

s e c o n d   p a s s a g e w a y   is   s m a l l e r   and  c a r r i e s   a  much  l o w e r  

v o l u m e   r a t e   of  f l o w   t h a n   t he   f i r s t   f l o w   p a s s a g e w a y  

88,  t h e   t i m e   n e e d e d   to  v e n t   t he   u p p e r   c h a m b e r   73  i s  

l o n g e r   t h a n   t h e   t i m e   n e e d e d   to  p r e s s u r i z e   t he   u p p e r  
c h a m b e r .   T h i s   " v e n t i n g   t i m e "   is   s e t   by  d e s i g n   to   b e  

of  s u f f i c i e n t   d u r a t i o n   t h a t   t he   w o r k i n g   p i s t o n   1 4  

r e t u r n s   to   t h e   u p p e r   end  12 t   of  i t s   s t r o k e   b e f o r e   t h e  

u p p e r   p i s t o n   7 6  r e p o s i t i o n s .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   u p p e r   p i s t o n  

moves   u p w a r d l y   by  a  c o m b i n a t i o n   of  t h e   d e c r e a s e d  

p r e s s u r e - f o r c e   of  t he   a i r   in  t he   u p p e r   c h a m b e r   7 3  

( s i n c e   i t   i s   v e n t i n g   to  a t m o s p h e r e )   and  the   f o r c e   o f  

t he   b i a s i n g   s p r i n g   96.  Once  the   p r e s s u r e   in  t h e  

u p p e r   c h a m b e r   73  is   r e d u c e d   to  a t m o s p h e r i c   p r e s s u r e ,  
t he   u p p e r   p i s t o n   76  is  f o r c e d   in  t h e   d o w n w a r d   d i r e c -  

t i o n   (See  F i g .   2)  by  v i r t u e   of  t h e   p r e s s u r e - f o r c e  

a c t i n g   upon   t h e   p e r i p h e r a l   or  a n n u l a r   s u r f a c e   a r e a   8 2  

( i . e . ,   t h o s e   s u r f a c e s   c o n t i n u o u s l y   e x p o s e d   to  a i r  

p r e s s u r e   in  t h e   a i r   s t o r a g e   c h a m b e r   18)  of  t h e   u p p e r  

p i s t o n   76.   The  u p p e r   p i s t o n   76  r e p o s i t i o n s   r e l a t i v e  

to  t h e   u p p e r   c y l i n d e r   72  s u c h   t h a t   t he   c y c l i n g   v a l v e  

a s s e m b l y   r e a s s u m e s   the   c o n f i g u r a t i o n   shown  in  F i g .  

2.  T h i s   c y c l i n g   a c t i o n   w i l l   be  r e p e a t e d   as  l o n g   a s  

t he   l o w e r   p i s t o n   is   in  i t s   downward   p o s i t i o n   ( i . e .  

t h e   t r i g g e r   58  i s   h e l d )   and  as  l o n g   as  a i r   is   s u p -  

p l i e d   to  t h e   a i r   s t o r a g e   c h a m b e r   1 8 .  

Upon  r e l e a s i n g   of  t he   t r i g g e r   58,  t h e  

b a l l   52  in  t h e   c o n t r o l   v a l v e   46  is  a l l o w e d   to  a s s u m e  

i t s   f i r s t   p o s i t i o n   ( F i g .   1 ) .   T h i s   s h u t s   o f f   t h e  



e x h a u s t   p o r t   56  to   t h e   a t m o s p h e r e   and  a d m i t s   p r e s s u r -  
i z e d   a i r   f rom  t he   a i r   s t o r a g e   c h a m b e r   18  i n t o   t h e  

l o w e r   c h a m b e r   64.  B e c a u s e   t h e   l o w e r   e n d  8 4   of  t h e  

l o w e r   p i s t o n   62  has   a  g r e a t e r  s u r f a c e   a r e a   t h a n   t h e  

s k i r t   p o r t i o n   82  of  t h e   u p p e r   p i s t o n   76  and  b e c a u s e  

t h e   p r e s s u r e - f o r c e   of  t h e   l o w e r   p i s t o n   62  i s   g r e a t e r  

t h a n   t h e   f o r c e   of  t h e   b i a s i n g   means   9 6  o f   t h e   r e c y c l -  

ing   v a l v e ,   t he   l o w e r   p i s t o n   62  w i l l   be  d r i v e n  

u p w a r d l y .   T h i s   d r i v e s   t h e   u p p e r   p i s t o n   76  u p w a r d l y  

s u c h   t h a t   p r e s s u r i z e d   a i r   i s   s h u t   o f f   f r o m   t h e   w o r k -  

ing   p i s t o n   14.   The  e x h a u s t   v a l v e  p l u g   98  i s ,   i n  

t u r n ,   u n s e a t e d   f rom  i t s   s e a t   100 .   T h i s   o p e n s   t h e  

e x h a u s t   f l o w   p a t h   f rom  t h e   u p p e r  c h a m b e r   73  and  t h e  

c y l i n d e r   c h a m b e r   44  to   a t m o s p h e r e .   The  s t a p l e r   i s  

t h e n   s h u t   o f f .  

In  s u m m a r y :   Once  t h e   v a l v e   i s  

" t r i g g e r e d "   i n t o   o p e r a t i o n ,   t h e   p r e s s u r i z a t i o n   c o n d i -  

t i o n   of   t h e   u p p e r   c h a m b e r   73  d e t e r m i n e s   t h e  p o s i t i o n  

of   t h e   c y c l i n g   v a l v e   15 .   The  p r e s s u r i z a t i o n   c o n d i -  

t i o n   of  t h e   c y c l i n g   v a l v e   15  i s   e f f e c t i v e l y   d e t e r -  

m i n e d   by  t h e   p o s i t i o n   of   v a l v e   i t s e l f ;   i t   o p e r a t e s  

i n d e p e n d e n t l y   of  a l l   o t h e r   c y c l i n g   c o m p o n e n t s   i n c l u d -  

ing   t h e   w o r k i n g   p i s t o n   1 4 .  

I t   w i l l   be  a p p r e c i a t e d  t h a t   t h e   i m p r o v e d  

c y c l i n g   v a l v e   a s s e m b l y   15  p r o v i d e s   an  i n c r e a s e   i n  

e f f i c i e n c y ,   d r i v i n g   f o r c e  a n d   s p e e d   of  o p e r a t i o n   a t  

any  g i v e n   a i r   p r e s s u r e   in  c o m p a r i s o n   w i t h   p r i o r   a r t  

e x p e d i e n t s .   T h i s   i s   b e c a u s e   t h e   c y c l i n g   v a l v e  i s  

" s e l f   c o n t r o l l i n g " .   The  same  p r e s s u r e   t h a t   i s  

d i r e c t e d   to   t he   w o r k i n g   p i s t o n   14  i s   u s e d   to   c o n t r o l  

t h e   p o s i t i o n   of  t h e   c y c l i n g   v a l v e .   F u r t h e r m o r e ,   t h e  

r e c y c l i n g   v a l v e   a s s e m b l y   has   e s s e n t i a l l y   o n l y   o n e  

m o v i n g   p a r t .   T h i s   f e a t u r e   i n c r e a s e s   t h e   r e l i a b i l i t y  

of   o p e r a t i o n .   ' 

Of  c o u r s e ,   as  was  o t h e r w i s e  s t a t e d ,   t h e  

r e c y c l i n g   v a l v e   a s s e m b l y   may  be  u s e d   in  r e l a t e d   t o o l  



a p p l i c a t i o n s   or  i n d e e d   in  any  a p p l i c a t i o n   c a l l i n g   f o r  

the   use  of  s u c h   a  c y c l i n g   p u l s e   of  p r e s s u r i z e d   a i r .  

N e i t h e r   is  t he   i n v e n t i o n   l i m i t e d   to  a i r   p o w e r e d   a p -  

p l i c a t i o n s   s i n c e   i t   is  e q u a l l y   a p p l i c a b l e   to  o t h e r  

a p p r o p r i a t e   f l u i d s .  



1.  A  p n e u m a t i c a l l y   o p e r a t e d   f a s t e n e r   d r i v i n g   t o o l   ( 1 0 )  

c o m p r i s i n g :   a  h o u s i n g   ( 1 6 )  a d a p t e d   to   c o n t a i n   c o m ,  

p r e s s e d   a i r ;  a   c y l i n d e r   (12)  i n   s a i d   h o u s i n g   ( 1 6 ) ;  

a  w o r k i n g   p i s t o n   (14)  s l i d a b l e  i n   s a i d   c y l i n d e r   ( 1 2 )  

b e t w e e n   d r i v i n g   and  d r i v e n   p o s i t i o n s ;   means   f o r  

b i a s i n g   ( 4 0 , 4 2 )   s a i d   w o r k i n g   p i s t o n   (14)  t o   s a i d  

d r i v i n g   p o s i t i o n ;   a  f a s t e n e r  d r i v e r   ( 2 6 )  s e c u r e d  

to   one   s i d e   (14b)  o f  s a i d   w o r k i n g   p i s t o n   ( 1 4 ) ;   a  

m a i n   v a l v e   means   ( 7 6 t ,   3 8 )  f o r   d i r e c t i n g   and  c o n -  

t r o l l i n g   t h e   f l o w   of   c o m p r e s s e d   a i r   t o   and  f r o m  

t h e   o t h e r   s i d e   (44)  of   t h e   w o r k i n g   p i s t o n   ( 1 4 ) ;   a  

p r e s s u r e   r e s p o n s i v e   means   (76 ,   7 4 ) ,   u t i l i z i n g   t h e  

d i f f e r e n c e   in   p r e s s u r e   b e t w e e n   t h a t   e x i s t i n g   o n  

t h e   o t h e r   s i d e   (44)  o f   s a i d   w o r k i n g   p i s t o n   ( 1 4 )  

and   t h a t   e x i s t i n g   in   s a i d   h o u s i n g   ( 1 6 ) ,   f o r   r e p e -  
t i t i v e l y   c y l i n g   s a i d  m a i n   v a l v e   m e a n s   ( 7 6 t ,   3 8 ) ,  

s a i d   c y c l i n g   means   (76)  b e i n g   i n t e g r a l l y   j o i n e d  

to   s a i d   m a i n   v a l v e   m e a n s   ( 7 6 t ,   3 8 ) ,   s a i d   c y c l i n g  

m e a n s   ( 7 6 ) ,   in   t h e   a b s e n c e  o f   a  p r e s s u r e   d i f f e r e n -  

t i a l   b e t w e e n   t h e   o t h e r   s i d e   (44)  o f   s a i d   w o r k i n g  

p i s t o n   (14)  and  s a i d   h o u s i n g   ( 1 6 ) ,   p o s i t i o n i n g   s a i d  

m a i n   v a l v e   means   ( 7 6 t ,   38)  to   v e n t  s a i d   w o r k i n g  

p i s t o n   ( 1 4 ) ,   s a i d   c y c l i n g   m e a n s   ( 7 6 ) ,   in   r e s p o n s e  
t o   s a i d   p r e s s u r e   d i f f e r e n t i a l ,   p o s i t i o n i n g   s a i d  

m a i n   v a l v e   m e a n s   ( 7 6 t ,   38)  t o   p r e s s u r i z e   s a i d  

w o r k i n g   p i s t o n   ( 1 4 ) ;  a n d   m e a n s   (54 ,   64,   62,   6 8 )  

f o r   h o l d i n g   s a i d   c y c l i n g   m e a n s   (76)  in   p o s i t i o n  

w h e r e b y   s a i d   c y c l i n g   means   i s   s h u t   o f f .  

2.  In   a  f a s t e n e r   a p p l y i n g   d e v i c e   (10)  h a v i n g   a  

h o u s i n g   (16)  j o i n e d   t o   a  s u p p l y   o f   f l u i d   u n d e r  

p r e s s u r e   and  i n c l u d i n g   a  w o r k i n g   c y l i n d e r   ( 1 2 )  
h a v i n g   a  f a s t e n e r   d r i v e r   m e a n s   (26)  r e c i p r o c a b l e  

t h e r e i n   i n  a   c y c l e   i n c l u d i n g   one   w o r k i n g   and  o n e  



r e t u r n   s t r o k e ,   a  f i r s t   means   ( 4 0 , 4 2 )   f o r   b i a s i n g  

s a i d   f a s t e n e r   d r i v e r   means   (26)  to   t h e   end  of   s a i d  

r e t u r n   s t r o k e ,   a  means   (32)  f o r   f e e d i n g   a  f a s t e n e r  

i n t o   p o s i t i o n   to  be  d r i v e n   a f t e r   e a c h   r e t u r n   s t r o k e  

of   s a i d   f a s t e n e r   d r i v e r   m e a n s   ( 2 6 ) ,   a  main   v a l v e  

means   ( 7 6 t ,   38)  f o r   c o n t r o l l i n g   t h e   f l o w   of   s a i d  

f l u i d   u n d e r   p r e s s u r e   i n t o   s a i d  w o r k i n g   c y l i n d e r  

(12)  a b o v e   s a i d   f a s t e n e r   d r i v e r   means   (26)  a n d  

an  e x h a u s t   v a l v e   means   ( 9 8 , 1 0 0 )   f o r   v e n t i n g   t o  

a t m o s p h e r e   t h a t   p o r t i o n   of   s a i d   w o r k i n g   c y l i n d e r  

a b o v e   s a i d   f a s t e n e r   d r i v e r   means   ( 2 6 ) ,   an  i m p r o v e d  

c o n t r o l   s t r u c t u r e   c o m p r i s i n g :  

(a)  a  c o n t r o l   c y l i n d e r   ( 6 2 , 7 0 )   h a v i n g   one  end  c l o s e d  

and  one   end  o p e n e d   to   s a i d   s u p p l y   o f   f l u i d   p r e s s u r e  
in  s a i d   h o u s i n g   ( 1 6 ) ;  

(b)  a  c o n t r o l   p i s t o n   (76)  m o v a b l e   w i t h i n   s a i d   c o n -  

t r o l   c y l i n d e r   ( 6 2 , 7 0 )   f rom  a  f i r s t   p o s i t i o n   to   a  

s e c o n d   p o s i t i o n   e f f e c t i v e   to   o p e n   s a i d   ma in   v a l v e  

m e a n s   ( 7 6 t ,   38)  and  to   c l o s e   s a i d   e x h a u s t   m e a n s  

( 9 8 , 1 0 0 ) ,   s a i d   c o n t r o l   p i s t o n   (76)  b e i n g   i n t e g r a l  

to   s a i d   ma in   v a l v e   means   ( 7 6 t ,   3 8 ) ,   s a i d   c o n t r o l  

p i s t o n   (76)  and  t h e   c l o s e d   end  of   s a i d   c o n t r o l  

c y l i n d e r   ( 6 2 , 7 0 )   d e f i n i n g   a  c o n t r o l   c h a m b e r   ( 7 3 ) ,  

t h e   f i r s t   s i d e   of   s a i d   c o n t r o l   p i s t o n   (76)  b e i n g  

d e f i n e d   as  t h a t   s i d e   of  s a i d   c o n t r o l   p i s t o n   c o n -  

t i n u o u s l y   e x p o s e d   to   t h e   a i r   p r e s s u r e   in  s a i d  

h o u s i n g   ( 1 6 ) ,   s a i d   h o u s i n g   p r e s s u r e   t h u s   b i a s i n g  

s a i d   c o n t r o l   p i s t o n   (76)  to   s a i d   s e c o n d   p o s i t i o n ;  

(c)  a  f i r s t   f l o w   means   (88)  in  s a i d   c o n t r o l   p i s t o n  

(76)  f o r   e f f e c t i n g   f l o w   c o m m u n i c a t i o n   b e t w e e n   s a i d  

c o n t r o l   c h a m b e r   (73)  and  s a i d   s u p p l y   of   f l u i d  

u n d e r   p r e s s u r e ;  
'  (d)  a  s e c o n d   f l o w   means   ( 9 0 , 9 2 )   in   s a i d   c o n t r o l  

p i s t o n   (76)  f o r   e f f e c t i n g   f l o w   c o m m u n i c a t i o n   b e t -  

ween   s a i d   c o n t r o l   c h a m b e r   (73)  and  t h e   a t m o s p h e r e ;  



(e)  means   ( 7 6 , 7 4 )   r e s p o n s i v e   to   t h e   p r e s s u r e   a b o v e  

s a i d   f a s t e n e r   d r i v e r   means   (26)  f o r   s e q u e n t i a l l y  

c l o s i n g   s a i d   s e c o n d   f l o w   means   ( 9 0 , 9 2 )   and  o p e n i n g  

s a i d   f i r s t   f l o w   means   ( 8 8 ) ,   and  c l o s i n g   s a i d   f i r s t  

f l o w   means   (88)  and  o p e n i n g  s a i d   s e c o n d   f l o w   m e a n s  

( 9 0 , 9 2 )   to   t h e   e f f e c t   t h a t   s a i d   c o n t r o l   p i s t o n  

(76)  i s   c y c l e d   b e t w e e n   s a i d   f i r s t   and  s a i d   s e c o n d  

p o s i t i o n s   w i t h   s a i d   f a s t e n e r   d r i v e r   m e a n s   ( 2 6 )  

b e i n g   c y c l e d   t h r o u g h  s a i d   w o r k i n g   and   r e t u r n  

s t r o k e s   in  r e s p o n s e   t h e r e t o .  

3.  In   a  f a s t e n e r   a p p l y i n g  d e v i c e   (10)  as  r e c i t e d   i n  

c l a i m   2,  w h e r e i n   s a i d   means   ( 7 6 , 7 4 )   f o r   s e q u e n t i a l -  

ly   c l o s i n g   s a i d   s e c o n d   f l o w   m e a n s   ( 9 0 , 9 2 )   and  o p e -  

n i n g   s a i d   f i r s t   f l o w   means   ( 8 8 ) ,  a n d  c l o s i n g   s a i d  

f i r s t   f l o w   means   (88)  and  o p e n i n g   s a i d   s e c o n d   f l o w  

m e a n s   ( 9 0 , 9 2 )   c o m p r i s e s :   a  c y c l i n g   v a l v e   s t em   ( 7 6 , 7 4 )  

o p e r a t i v e l y   j o i n i n g   s a i d   c o n t r o l  p i s t o n   (76)  w i t h  

s a i d   m a i n  v a l v e   means   ( 7 6 t ,   3 8 ) ,   s a i d   c y c l i n g   v a l v e  

s t e m   ( 7 6 , 7 4 )   b e i n g   n o r m a l l y   d i s p o s e d   by  a  s e c o n d  

b i a s i n g   means   ( 9 6 )  t o   s a i d  f i r s t   p o s i t i o n   w h e r e   s a i d  

m a i n   v a l v e   means   ( 7 6 t ,   38)  s h u t s   o f f  f l o w ,   s a i d  

f i r s t   and  s a i d   s e c o n d   f l o w   means   ( 8 8 ;  9 0 , 9 2 )   b e i n g  

i n t e g r a l   t o   s a i d   v a l v e   s t e m   (76 ,   74)  and  j o i n i n g  

t h e   w o r k i n g   c y l i n d e r   s i d e   o f   s a i d   m a i n   v a l v e  m e a n s  

( 7 6 t ,   38)  t o   s a i d   c o n t r o l  c h a m b e r   ( 7 3 ) ,   t h e   o p e n i n g  

of   s a i d   m a i n   v a l v e   means   ( 7 6 t ,   3 8 )  p r e s s u r i z i n g  

s a i d   c o n t r o l   c h a m b e r   (73)  v i a   s a i d   f i r s t   f l o w   m e a n s  

( 8 8 ) ,   s a i d   s e c o n d   b i a s i n g   m e a n s   ( 9 6 )  o v e r c o m i n g  

t h e   p r e s s u r e - f o r c e   on  s a i d   f i r s t  s i d e   of  s a i d  

c o n t r o l   p i s t o n   (76)  upon   t h e   p r e s s u r i z a t i o n   o f  

s a i d   c o n t r o l   c h a m b e r   (73)  and   p o s i t i o n i n g   s a i d   m a i n  

v a l v e   means   ( 7 6 t ,   3 8 ) t o   s a i d   f i r s t   p o s i t i o n   w h e r e  

s a i d   c o n t r o l   c h a m b e r   (73)  i s   v e n t e d   to   a t m o s p h e r e  

v i a   s a i d   s e c o n d   f l o w   means   ( 9 0 , 9 2 ) ,   s a i d   c o n t r o l  



p i s t o n   (76)  r e t u r n i n g   to  s a i d   p o s i t i o n   upon  t h e  

v e n t i n g   of   s a i d   c o n t r o l   c h a m b e r   ( 7 3 ) ,   t h e   p r e s s u r e -  

f o r c e   on  t h e   f i r s t   s i d e   of  s a i d   p i s t o n   (76)  o v e r -  

c o m i n g   s a i d   s e c o n d   b i a s i n g   m e a n s   ( 9 6 ) ,   t h e r e b y  

r e p e a t i n g   t h e   c y c l e .  

4.  In  a  f a s t e n e r   a p p l y i n g   d e v i c e   (10)  as  r e c i t e d   i n  

c l a i m   3,  f u r t h e r   i n c l u d i n g   a  f l e x i b l e   member   ( 9 4 )  

i n t e r p o s e d   b e t w e e n   s a i d   f i r s t   f l o w   means   (88)  a n d  

s a i d   s e c o n d   b i a s i n g   means   ( 9 6 ) ,   s a i d   s e c o n d   b i a s i n g  

m e a n s   r e t a i n i n g   s a i d   f l e x i b l e   member   (94)  a g a i n s t  

t h e   s e c o n d   s i d e   (73)  of   s a i d   c o n t r o l   p i s t o n   ( 7 6 )  

and  p r e v e n t i n g   f l o w   f rom  s a i d   c o n t r o l   c h a m b e r   ( 7 3 )  

by  way  of   s a i d   f i r s t   f l ow  means   ( 8 8 ) ,   s a i d   s e c o n d  

b i a s i n g   m e a n s   (96)  b e i n g   o p p o s e d   by  t h e   d i f f e r e n c e  

in  p r e s s u r e   b e t w e e n   s a i d   f i r s t   s i d e   (44)  and  s a i d  

s e c o n d   s i d e   ( 7 3 ) ,   s a i d   f l e x i b l e   member   (94)  i n  

r e s p o n s e   to   a  h i g h e r   p r e s s u r e - f o r c e   on  s a i d   f i r s t  

s i d e   (44)  t h a n   t h e   p r e s s u r e - f o r c e   on  s a i d   s e c o n d  

s i d e   (73)  f l e x i n g   away  f rom  s a i d   s e c o n d   s i d e   ( 7 3 ,  

7 6 t )   and  o p e n i n g   s a i d   f i r s t   p a s s a g e w a y   to   t h e   e f -  

f e c t   t h a t   s a i d   f i r s t   f l ow  m e a n s   (88)  p a s s e s   f l o w  

f rom  s a i d   w o r k i n g   c y l i n d e r   (12)  w h e n e v e r   s a i d  

w o r k i n g   c y l i n d e r   i s   p r e s s u r i z e d   and  s a i d   c o n t r o l  

c h a m b e r   (73)  i s   v e n t e d .  

5.  In  a  f a s t e n e r   a p p l y i n g   d e v i c e   (10)  as  r e c i t e d   i n  

c l a i m   4,  f u r t h e r   i n c l u d i n g   a  v a l v e   s t em   means   ( 7 4 )  

j o i n i n g   s a i d   c y c l i n g   v a l v e   s t e m   (76)  on  s a i d   m a i n  

v a l v e   means   ( 7 6 t ,   38)  w i t h   s a i d   e x h a u s t   v a l v e  

means   ( 9 8 , 1 0 0 )   s u c h   t h a t   s a i d   m a i n   v a l v e   m e a n s  

( 7 6 t ,   38)  and  s a i d   e x h a u s t   v a l v e   means   ) 9 8 , 1 0 0 )  

o p e r a t e   a l t e r n a t i v e l y   and  in  s e q u e n c e ,   one  b e i n g  

f u l l y   open   when  t h e   o t h e r   i s   f u l l y   s h u t .  



6.  In  a  f a s t e n e r   a p p l y i n g  d e v i c e   (10)  f o r   u s e   w i t h  

a  s u p p l y   of   f l u i d   u n d e r   p r e s s u r e   and  i n c l u d i n g   a  

w o r k i n g   c y l i n d e r   (12)  h a v i n g   f a s t e n e r   d r i v e r  

means   (26)  r e c i p r o c a b l e   t h e r e i n   i n   a  c y c l e   i n c l u d i n g  

one  w o r k i n g   and  one  r e t u r n   s t r o k e ,   a  f i r s t   m e a n s  

( 4 0 , 4 2 )   f o r   b i a s i n g   s a i d   f a s t e n e r   d r i v e r   m e a n s   ( 2 6 )  

to   t h e   end  of   s a i d   r e t u r n   s t r o k e ,   m e a n s   (32)  f o r  

f e e d i n g   a  f a s t e n e r   i n t o   p o s i t i o n . t o   be  d r i v e n   a f t e r  

e a c h   r e t u r n   s t r o k e   of   s a i d   f a s t e n e r   d r i v e r   m e a n s  

( 2 6 ) ,   a  m a i n   v a l v e   m e a n s   ( 7 6 t ,   38)  f o r   c o n t r o l l i n g  

t h e   f l o w   of   s a i d   f l u i d   u n d e r   p r e s s u r e   i n t o   s a i d  

w o r k i n g   c y l i n d e r   (12)  a b o v e   s a i d   f a s t e n e r   d r i v e r  

m e a n s   ( 2 6 ) ,   and  e x h a u s t  m e a n s   ( 9 8 , 1 0 0 )   f o r   s a i d  

w o r k i n g   c y l i n d e r  ( 1 2 )   a b o v e   s a i d   f a s t e n e r   d r i v e r  

m e a n s   ( 2 6 ) ,   an  i m p r o v e d   c o n t r o l   s t r u c t u r e   c o m p r i s -  

i n g :  

(a)  a  one  p i e c e   v a l v e   c o n t r o l   s t e m  ( 7 6 , 7 4 )   f o r  

s a i d   m a i n   v a l v e   m e a n s   ( 7 6 t ,   38)  and  s a i d   e x h a u s t  

m e a n s   ( 9 8 , 1 0 0 ) ,   s a i d   s t e m   ( 7 6 , 7 4 )   m o v a b l e   f r o m  

a  f i r s t   p o s i t i o n   to   a  s e c o n d   p o s i t i o n   e f f e c t i v e   t o  

s e q n e n t i a l l y   o p e n   s a i d   m a i n  v a l v e   means   ( 7 6 t ,   3 8 )  

and  t o   c l o s e   s a i d   e x h a u s t   means   ( 9 8 , 1 0 0 ) ;   a n d  

(b)  a  c y c l i n g   m e a n s ,   i n t e g r a l l y   j o i n e d   to   s a i d  

c o n t r o l   s t e m   ( 7 6 , 7 4 ) ,   f o r   e f f e c t i n g   c o n t i n u o u s  

m o v e m e n t   o f   s a i d   c o n t r o l   s t e m   ( 7 6 , 7 4 )   f r o m  s a i d  

f i r s t   p o s i t i o n   to   s a i d   s e c o n d   p o s i t i o n   and  b a c k  

to   s a i d   f i r s t   p o s i t i o n ,   s a i d   c y c l i n g   m e a n s   h a v i n g  

a  f i r s t   s u r f a c e   (82)  c o n t i n u o u s l y   e x p o s e d   t o   s a i d  

s o u r c e   of   f l u i d   u n d e r   p r e s s u r e   and  a  s e c o n d   s u r -  

f a c e   (73)  c o n t i n u o u s l y   e x p o s e d   to   t h e  p r e s s u r e  

of   s a i d   w o r k i n g   c y l i n d e r   (12)  a b o v e   s a i d   f a s t e n e r  

d r i v e r   means   ( 2 6 ) ,   t h e   p r e s s u r e  f o r c e s   on  s a i d  

f i r s t   and  s e c o n d   s u r f a c e s   a d d i t i v e l y   c o m b i n i n g   ( 1 )  

to   f o r c e   s a i d   c o n t r o l   s t e m   ( 7 6 , 7 4 )   t o   one   end   o f  



i t s   c y c l e   when  s a i d   w o r k i n g   p i s t o n   (14)  i s   v e n t e d ,  

and  (2)  to   f o r c e   s a i d   c o n t r o l   s t e m   ( 7 6 , 7 4 )   to   t h e  

o p p o s i t e   end  of  i t s   c y c l e   when  s a i d   w o r k i n g   c y -  

l i n d e r   (12)  i s   p r e s s u r i z e d .  

7.  In  a  f a s t e n e r   a p p l y i n g   d e v i c e   (10)  as  d e f i n e d   i n  

c l a i m   6,  w h e r e i n   s a i d   c y c l i n g   means   c o m p r i s e s :  

(a)  a  p i s t o n   o p e r a t o r   (76)  f r e e   to   r e c i p r o c a t e  

b e t w e e n   two  p o s i t i o n s ,   s a i d   o p e r a t o r   (76)  b e i n g  

d i s p l a c e d   f rom  a  f i r s t   p o s i t i o n   t o  a   s e c o n d   p o s i -  

t i o n   upon   b e i n g   p r e s s u r i z e d ,   s a i d   o p e r a t o r   ( 7 6 )  

r e t u r n i n g   to   s a i d   s e c o n d   p o s i t i o n   upon  b e i n g   v e n t e d  

to   a t m o s p h e r e ,   s a i d   f i r s t   and  s e c o n d   s u r f a c e s   ( 8 2 , 7 3 )  

d e f i n i n g   t h e   f a c e s   of   s a i d   p i s t o n   : (76)  ;  

(b)  a  u n i d i r e c t i o n a l   f l o w   c o n t r o l   means   ( 8 8 , 9 4 )  

f o r   p r e s s u r i z i n g   s a i d   p i s t o n   o p e r a t o r   (76)  w h e n  

s a i d   o p e r a t o r   i s   v e n t e d   to   a t m o s p h e r e ,   s a i d   u n i -  

d i r e c t i o n a l   means   (88,   94)  b e i n g   i n t e g r a l   to   s a i d  

c o n t r o l   s t e m   ( 7 6 , 7 4 ) ;  

(c)  an  o r i f i c i n g   means   ( 9 0 , 9 2 )   f o r   c o n t r o l l i n g   t h e  

v e n t i n g   o f   p r e s s u r e   f rom  s a i d   p i s t o n   o p e r a t o r   ( 7 6 ) ,  

s a i d   o r i f i c i n g   means   ( 9 0 , 9 2 )   p a s s i n g   f l o w   a t   a  l o w e r  

f l o w   r a t e   t h a n   s a i d   p r e s s u r i z i n g   means   (88,   9 4 ) ,  

s a i d   o r i f i c i n g   means   ( 9 0 , 9 2 )   b e i n g   i n t e g r a l   to   s a i d  

c o n t r o l   s t e m   ( 7 6 , 7 4 ) ;   a n d  

(d)  a  s e c o n d   b i a s i n g   means   (96)  f o r   u r g i n g   s a i d  

p i s t o n   o p e r a t o r   (76)  t o w a r d s   s a i d   s e c o n d   p o s i t i o n ;  

t h e   p r e s s u r e - f o r c e   in   s a i d   p i s t o n   o p e r a t o r   ( 7 6 ) a d d i -  

t i v e l y   c o m b i n i n g   w i t h   s a i d   s e c o n d   b i a s i n g   m e a n s  

(96)  to   o p p o s e   s a i d   p r e s s u r e - f o r c e   on  s a i d   f i r s t  

,  s u r f a c e  ( 1 )   to   f o r c e   s a i d   c o n t r o l   s t em   (76,   7 4 )  

t o   one   end  of  i t s   c y c l e ,   when  s a i d   p i s t o n   o p e r a t o r  

(76)  i s   v e n t e d   and  (2)  to  f o r c e   s a i d   p i s t o n   o p e r a -  

t o r   (76)  to   t h e   o p p o s i t e   end  of   i t s   c y c l e ,   w h e n  

s a i d   p i s t o n   o p e r a t o r   i s   p r e s s u r i z e d .  



8.  In  a  f a s t e n e r   a p p l y i n g   d e v i c e   (10)  as  d e f i n e d   i n  

c l a i m   7,  f u r t h e r   i n c l u d i n g   m e a n s   ( 54 ,   64,   62,  6 8 )  

f o r   h o l d i n g   in   p o s i t i o n   s a i d   p i s t o n   o p e r a t o r   ( 7 6 )  

t o   t e r m i n a t e   t h e   m o v e m e n t   of   s a i d   c o n t r o l   s t e m  

( 7 6 ,   7 4 ) .  






	bibliography
	description
	claims
	drawings

